Jet Propulsion Laboratory
California Institute of Technology

Probing Cosmic Dawn with
Neutral Hydrogen &

Joseph Lazio



COBE

Brief History of the Universe

Universe starts
In uniform,
largely neutral
State

Today, highly
structure and

» What happened?

ilonized



Hydrogen Atom

Energy

A

| ]
3P3/2,.3D3 3Pz 3Ds)s
n= 3D5/2 3D5/2
3S:/9, 3P0 3Py F=2 “
B
n= 2P3/2 2P3/2 F—1
25112 2P12 2Py F=0
251/2 F=1
F=0

Nn=1,F=100
E,, = hv = 5.8743253 peV
T. = E;o/k = 0.068 K

v =1420.405752 MHz
A=21cm

15112

(increased)

Bohr—Dimc____ Lamb___hyperine
fine structure shi structure

levels

(increased) (increased)



Hydrogen Signal from Cosmic
Dawn and Dark Ages
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H 1 Fluctuation Power Spectra
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Measurement Approaches
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Science Goals of the Astrophysics
Roadmap

Goal 2: How Did We Get Goal 3: How Does Our
Here? Universe Work?
(Cosmic Origins) (Physics of the Cosmos)
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Characterize early black holes & thelr feedback
Image accretion disks of black holes
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Toward a Probe-class Mission
Lessons from the Ground
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Toward a Probe-class Mission
MoonRise Analog

New Frontiers mission
concept (Planetary
Sciences)
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Toward a Probe-class Mission
Radio Array Concept Study




Toward a Probe-class Mission
Free-Flyer?

Harris Corp.



Hydrogen Signal from Cosmic
Dawn and Dark Ages

Neutral Hydrogen 21 cm spin-
flip transition provides probe
of neutral intergalactic
medium before and during
formation of first stars
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Radio Spectrum
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